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ABSTRACT

Olaiya, Felix Ayodele, The Detection of Poliovirus in

Denton Sewage by Immunofluorescence and Immunodiffusion

Techniques. Master of Science (Microbiology), August, 1975,

45 pp., 5 tables, bibliography, 38 titles.

Several final sewage effluents from the Denton Disposal

Plant were demonstrated to contain Poliovirus types II and

III. Pleated encapsulated filters at pH 3.5 enhanced the

recovery of Poliovirus at a higher titer in comparison with

nitrocellulose filter (Millipore) and glass fiber filter of

pore size 0.45u.

This thesis explores problems that face us today in our

quest to eliminate viral pathogens from the natural and

waste water needed for human, domestic, and industrial con-

sumption.

Preliminary experiments concern the use of immunofluores-

cence, and immunodiffusion techniques as a means of poliovirus

identification, which invariably suggests that these techniques

may be useful as rapid screening procedures of water samples

for presence of potentially pathogenic viruses.
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INTRODUCTION

Association of enteroviruses and other viruses, such as

hepatitis virus, with oysters and other shellfish in water

has been well-documented (1, 2, 3, 4). These viruses have

also been isolated from raw sewage, treated sewage, turbid

esterine water and tap water (2, 3, 4, 5). Filtration has

been the major approach to recovering small amounts of

viruses from large volumes of such water, but more efficient

methods continue to be explored, especially for viruses that

remain beyond detection.

Filtering out viral particles is a constant and formidable

technical problem. Apparatus for detection of viruses have

been described (4, 5, 6), These virus concentrators lend

themselves to monitoring water reclamation plants to determine

their efficiency in removing and inactivating viruses.

Acidification of water passed through filters promotes adsorption

of viruses into nitrocellulose filters (millipore) and fiber-

glass filters (7, 8). Under special circumstances, entero-

virus isolation rates are high using these techniques, but

recovery may be lowered due to poor spot selection for sample

collection and due to low virus concentration plus heavy

metal contamination (8).

Any proposal for re-use of water requires very careful

consideration in that certain pathogenic organisms may

1
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survive treatment processes used in reclamation plants

(4, 5, 6). Poliovirus has been used as an indicator strain

for testing the efficiency of different inactivation and

isolation techniques for eliminating and detecting enteric

viruses, respectively, in potentially polluted water (11).

Tissue culture has been the primary method utilized for

isolation and for characterization of different viruses.

This fact, as applied to most viruses, has initiated various

serological techniques for identification of specific viruses.

Among these, the immunofluorescent antibody technique (IFAT)

was thought to be inferior in diagnostic efficiency (11, 12).

This technique can now generally be thought to be of potential

value in rapid identification of viruses due to recent advances

in labeling and adsorption methods (11, 13). It has not been

widely adopted as a routine diagnostic tool, which may be

due in part to the fact that to insure test specificity and

validity of results, extensive preliminary operations must

be performed before the technique can be implemented. The

indirect IFAT has been described in the diagnosis of Para-

Influenza (10, 14) and influenza viruses infection (10., 13,

14); however, identification of enteroviruses from water has

not been demonstrated with IFAT. The use of the precipitin

method demonstrates the specificity of the antigen-antibody

reaction of the isolate and simply shows routine quantitation

of the viral antigen thus confirming the IFAT result.
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Today, water seems to be the cheapest commodity in the

market. Adequate, as well as rapid and practical methods

must be developed for use in screening for pathogens in water

supplies before the depletion of potable water sources reaches

a state of crisis.

In this paper IFAT and immunodiffusion techniques have

been used to scan effluents from the Denton Sewage Plant

for the presence of poliovirus. The precedures of sample

collection, tissue culture cultivation, choice of filter and

filtration methods, elution and choice of antibiotics for

protection of tissue culture, and elimination of other patho-

genic microorganisms were adequately monitored for small

volumes of water.



LITERATURE REVIEW

THE VIRUS HAZARD - A PANORAMA OF THE PAST,

A PRESAGE OF THINGS TO COME

Any virus may be capable of producing disease. Thus,

all viruses of human origin should be removed from any

waters that man may contact; preferably, they should

be removed at the source.

Virus removal accomplished by most treatment processes

is generally incomplete. Studies of these processes have

not been easy. Almost all field studies on the removal

of viruses by treatment processes have suffered from a lack

of temporal coordination in sampling (15, 18). Variations

occur in the numbers of viruses that enter sewage treatment

plants during any twenty-four hour period. For this reason,

comparison of the number of indicator viruses in influent

samples with effluent samples collected at the same time do

not necessarily reflect the efficiency of the treatment process

in inactivating potential pathogens.

Other problems also confront field study efforts. For

example, the numbers of viruses in sewage and in raw waters

are not sufficient to allow effective tracing of removal

rates by treatment processes unless the viruses are quan-

titatively concentrated first (12). The composition of

sewage and raw water changes from place to place, even in

the same treatment facility. Some treatment procedures can

bring about substantial viral removal from effluents and

4
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other waters, but none except possibly high pH can remove all

viruses (4, 9, 10, 15). Only terminal disinfection can guaran-

tee virus-free effluents in renovated and in other potable

waters (10, 15).

For more than fifty years, chlorine has been the standard

water disinfectant in the United States and in some other coun-

tries (15, 17, 18). Ozone is used in some parts of Europe and

in other countries as well (15). To this day, the fundamen-

tal information necessary for intelligent use of either

disinfectant is lacking. At neutral pH in clean waters free

of ammonia and organics, chlorine exists primarily as highly

virucidal hypochlorous acid. Chlorine is usually a slow viru-

cide at an alkaline pH where it exists primarily as the

hypochlorite ion. It is also a slow virucide when tied up as

ammonia chloramine and/or organic chloramine under an acidic

reaction. Results with ozone, are encouraging, although incom-

plete. Hypochlorous acid is still an excellent disinfectant

for waters that do not contain solid, ammonia or organic mat-

ters. With this in mind we still need to know the extent to

which organic solids affect disinfection--whether ozone, which

is unaffected by ammonia, would be more suitable than chlorine

for effluent treatment, or whether iodine or bromine may be

useful in some circumstances, There is need to explore the

use of ultraviolet light for disinfecting shellfish depurative

water and to test the feasibility of pasteurization for this

purpose. Even ionizing radiation, despite its present

impracticability, should not be totally disregarded.
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As we move toward the goal of eliminating viruses from

the water environment, methods must be developed for detecting

quantitatively small numbers of viruses in large volumes of

water. The safety of the water lies in the demonstration

that viruses and most species of bacteria have been destroyed.

As apparent as the problem is, the methods available for

detecting viruses in large volumes of water are still inef-

ficient.

We also must not forget other hazards that these treat-

ment processes could bring. It is now apparent that small

amounts of chloramines are toxic to fish and to certain micro-

scopic life that fish feed upon (13, 15). Certain chlorine

compounds are carcinogenic (12). The toxic, carcinogenic,

and the teratogenic effects of chlorine compounds (through

water disinfection) could be very severe on man, fish, 'and

other animals as well. Viruses that infect bacteria and

aquatic life are normally present in water. Viruses that

multiply in or near the gastrointestinal tracts of animals

enter our waterways with rural run-off and with discharges

from processing plants. Other viruses of non-human origin

are not commonly found in water, not even in the tip of

icebergs (9, 12, 15). We need to determine the identity of

these enteric viruses and their impact upon humans who

ingest them. There is, moreover, a need to determine whether

the water route of transmission is important to the various

animal species that are the sources of these viruses.
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Breakpoint Chlorination Method for Virus Inactivation:

Checking out the application of chlorine, Culp (6) demonstrated

that the breakpoint of chlorine concentration sufficient for

killing bacteria in disinfected surface water and wastewater

from treatment plants was far below the breakpoint for virus

inactivation. It was also determined that ammonia nitrogen

(NH3 -N) lowers the virucidal action of chlorine because of

the formation of chloramines.

Form and Efficacy of Chlorine in Ammonia-Free Water:

In the absence of ammonia, chlorine in water exists pre-

dominantly as hypochlorous acid (HOCl) at low pH levels.

Between pH 5.0 to 8.5 a very sharp point from undissociated

to dissociated hypochlorous acid occurs. At pH 5.0 all

chlorine is present as HOCl. Above pH 7.5 hypochlorite ions

(OCl-) predominate while above pH 9.5 chlorine exists almost

entirely as OC1~. Generally, the HOCl form is considered to

be a more effective disinfectant than OCl1. Inactivation

of most enteric virus requires about thirty minutes of

contact with 1.0 mg per litre of HOCl but probably more than

100 mg per. litre of hypochlorite in the range of PH 7.0 to

7.5 (6, 15).

Water Containinj Ammonia: Many surface waters contain

as much as two to three mg per litre of ammonia nitrogen

while municipal waste water may contain ten to thirty mg

per litre (6).

The following reactions may occur in the presence of

ammonia or other nitrogenous material in chlorinated water:



8

light
Cl2  + H20 HOCl + Hcl

NH3  + HOCi ==== NH2 C + H20 + H+

NH2 C1 + HOCl ========-NHCl 2 + H20 decreasing pH

NHC2 + HOC =NCl + H20
2 3 +120

The chloramines have many different properties than HOCI and

OC1~ forms; they exist in various proportions depending on

relative concentrations of chlorine and ammonia as well as

pH and temperature.

Several studies have shown that about twenty-five times

as much chloramine as free chlorine is required for inacti-

vation of the most resistant viruses. Thus, free residual

chlorination at pH 7.5 yielding substantially greater amounts

of HOCl is essential for adequate disinfection of waters con-

taining ammonia and subject to viral contamination. The point

where all ammonia is converted to free nitrogen is referred

to as the breakpoint (6, 15).

2NH 2Cl _ HOC 1========N 2  + 3HCl + H20

Above this level all chlorine available remains as free

chlorine residues.

Other Factors Affecting Chlorination: In addition to

the ionic form, concentration of chlorine and contact time,

the destruction of virus depends on several other factors

including water turbidity, absence of interfering substances

(iron, manganese, hydrogen sulfide, organic solids), tempera-

ture, pHand degree of mixing (6, 10, 15).
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The Role of Chlorination in Preventing Water-borne

Viral Disease: Chlorination is the major tool available to

control and prevent bacterial diseases spread by water.

But certain pathogenic viruses are present in waste-water,

too. Three approaches are available for controlling viruses

in public waters supplies: (1) Advance Water Treatment (AWT),

(2) Natural Purification and (3) Water Treatment. The

turbidity of water during treatment should be less than 1.0

Jackson turbidity unit (JTU), and preferably less than 0.1

JTU. The pH of the water should be between 7.0 to 7.5.

Mixing of chlorine and water should be rapid. A concen-

tration of 0.5 to 1.0 mg/liter undissociated hypochlorous

acid must be maintained and in contact for thirty minutes.

The new drinking water standards (DWS) proposed by health

authorities emphasize the necessity to: (1) provide adequate

continuous chlorination of all public water supplies regard-

less of source; (2) filter all surface water supplies; and

(3) cover all reservoirs used for storing drinking water. The

importance of these three basic health precautions in control-

ling viral contamination in many respects has long been recog-

nized by professionals in the environmental field, but wider

implementation is badly needed, There is still a great

opportunity to improve the design and operation of water and

wastewater treatment plants for better virus control.

The Chemistry of Virus Concentration by Chemical Methods:

The concentration of viruses from dilute solution depends
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on physical and/or chemical parameters. All of the concen-

tration methods involve the absorption of viruses on solid

or liquid interfaces, followed by elution. The effectiveness

of these procedures depends on chemical and physical parameters

that can be described by two steps, an adsorption step and

a transport step (5, 15). The adsorption step is brought

about by surface chemical forces, as determined by the surface

properties of the virus and solid, and by the chemical com-

position of the suspending solution. The transport step for

virus is governed solely by diffusion. The adsorption step

requires an understanding of the active site for attachment.

It is necessary to understand the adsorption mechanism and

how it is influenced by pH as well as the ionic and organic

composition of our water. This aspect I intend to delineate

further in this literature review.

Inorganic Precipitates: A number of different viruses

have been concentrated by adsorption onto preformed precipi-

tates. Precipitates which have been frequently used include

aluminum hydroxide, aluminum phosphate, and a calcium

phosphate species. Viruses behave as amphoteric electrolytes,

obtaining their primary surface charges from ionizable

functional groups. The net charges depend upon the degree

of ionization and, consequently, on the pH of the medium.

Adsorption to Preformed Aluminum Hydroxide: Metal ions,

such as aluminum, exist in aqueous solution as metal hydroxide.

They can incorporate a number of water molecules per ion.
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These hydrated metal ions are acids and the acid base equili-

brium that enhances virus adsorption can be represented as

follows:

Al(H2 06 )3+ + H20 = Al(H 2 0) 5 (OH) 2  + H30+

The conjugate base of equation (1) may then again transfer a

proton.

Al(H2 0) 5 (OH)2+ + H20 + Al(OH) 3 (h 2 0) 3  + nH30+

Al(H2 0) 5 (OH)++ - Al(OH)3 (H2 0)3  + nH30

As the charges of the metal species decrease through coor-

dination with hydroxyl groups, there is less repulsion between

the ions, and polymerization occurs. The adsorption of viruses

is brought about by the hydrolysis products. It is well-known

that metal hydroxides are strong adsorbents. Adsorption can

result from electrostatic forces. High ionic strengths hinder

adsorption of negative viruses onto a positive surface. How-

ever, under alkaline conditions the metal hydroxide takes on a

negative charge.

OH_
Al(OH) 3 (H 2 0)3 (5) ======= Al(OH)4

Virus elutions are thus enhanced at high pH values. It is

now recognized that pH and salts will greatly influence the

efficiency of virus recovery with aluminum hydroxide.

The same physio-chemical principle is applicable to

preformed aluminum phosphate, except that aluminum phosphate

does not have the charge benefit that aluminum hydroxide
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has, nor does it have the large number of OH~ ion bridges

to aid virus adsorption.

In principle, this adsorption technique is also appli-

cable to insoluble polyelectrolytes, iron oxide, phase

separation and precipitation with protamine sulfate. All of

these concentrators give good virus recovery in waters of

varying composition and they concentrate a large variety of

viruses. On the basis of adsorption principles, the

efficiency of virus recovery by chemical methods would be

expected to decrease in the following order:

(1) Aluminum hydroxide and insoluble polyelectrolyte

(2) Phase separation

(3) Hydroxylapatite, iron oxide, and protamine sulfate

(4) Aluminum phosphate

Of the above aluminum hydroxide and the insoluble poly-

electrolyte PE 60 offer most potential for a standard virus

recovery procedure (13),

Recovery and Removal of Viruses from Water-utilizinc-

Membrane Techniques: In a lecture sponsored by the American

Society of Civil Engineers, Berg (1970) suggested a goal

to be reached for the detection of viruses in water (11,

12). He proposed that two basic concepts and techniques

of membrane filteration and allied technology, as applied to
concentration detection, and removal of viruses from water

of different sources, should be evaluated. First, the mem-

brane adsorption-elution method, depends on the properties
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of the virus to adsorb to the matrix of insoluble cellulose

depth type filters under controlled conditions of cations and

pH. Subsequently, the virus is eluted into small volume of

fluid for assay. Such techniques have been developed to the

point where water, at a rate of 300 gallons per hour can be

processed to 10-20 ml allowing recovery on one infectious

viral unit originally present in 3-5 gallons of water. The

second major method, which is still under development and

termed ultra or hyperfilteration, depends on the use of a

new generation of thin-skinned anisotropic membranes, of speci-

fic pore size and molecular weight cutoffs, which exhibit very

rapid water transport properties. In contrast to the membrane

adsorption-elution method, the latter technique depends on

viral concentration by rapid dehydration and the virus re-

tained is suspended in small volumes of the remaining fluid.

Adsorption is prevented by rapid horizontal flow rates and

laminar-flow channelized arrangements with the apparatus used.

At this point in time, the depth membrane adsorption

technique seemed to be the best available method for concen-

trating viruses from clean water sources. However, no one

method yet developed is ideal for all water sources, or for

similar water sources in different geographic areas. Even

with the most sophisticated methodology in use today, marked

variations in recoveries have been observed. Not only is

one faced with qualitative problems of the applicability of

the techniques to over a hundred viruses that may be present
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in water, but we have even more difficult problems in quan-

titation because of the physical nature of the viruses them-

selves (instability, adsorptive properties, aggregation

phenomena). The best we can hope for at this time are

"ballpark" estimates which indicate that viruses are present

but that in reality their actual concentration, as it exists

under natural conditions, may be ten to one hundred fold

greater. Whether we can ever achieve the goal of detecting

one infectious unit in hundred gallons is unlikely, but we

may be able in time to detect one virus in ten gallons of

water with some degree of assurance.

Application of Viral Concentration Techniques to Field

Sampling: The technology of recovering relatively low

numbers of viral particles from large volumes of water

continually provides a formidable obstacle to those re-

searchers working in the area of water and wastewater virology.

Concentration techniques are based on the physical-chemical

properties of the virion and are generally modifications of

procedures which are applicable to macromolecular protein

studies. Viruses behave in suspension as colloidal hydro-

philic particles (9, 10, 12, 15). Their solubility decreases

with increasing concentrations of soluble salts; they are

amphoteric and have determinable isoelectric points; they

exhibit polarity and therefore are imiscible in organic

solvents. The virion's unique surface properties allow

adsorption to a variety of materials and their molecular

weights allow their sedimentation.
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The basic criteria of an acceptable viral concentration

technique are that the method be simple, rapid, sensitive,

reproducible, and economical. Methodology has evolved from

early attempts using gauze pads suspended in flowing water

to a variety of current practices including entrapment on

cellulose membrane filters, adsorption to precipitable salts

and polyelectrolytes, separation in two phase aqueous polymer

system, and concentration by electro-osmosis and hydroextraction.

Mengo virus, an encephalomyocarditis virus, has been

found to adsorb to certain naturally occuring clays (12).

Poliovirus type I was found to be readily adsorbed by organic

and inorganic solids while still retaining its infectivity

(11) .

The story of adsorption of virus to membranes can not

be completed without efficient sensitive methods of elution.

Lyphogel appears to be a sensitive procedure of disrupting

the viruses form the solids by dounce homogenization (17).

In conclusion employment of these membranes in a well-

run treatment plant operating within its design capacity

may enable its operators to remove a great number of enteric

virus prior to or after chlorination.



MATERIALS AND METHODS

The Sewage Plant and Its Discharge Creek: Pecan Creek

receives a daily average of four to six million gallons of

treated sewage from Denton's winter population of an

estimated 40,000 persons. This sewage is primarily domestic,

with minor contributions from a packing house, a cannery,

and a plastics company. One of the disposal plants, located

on Pecan Creek, is the original old trickling filter plant

which was able to carry only about 0.5 million gallons per

day of Denton sewage, the remainder of the sewage being

treated in the newer activated sludge plant, located below

the old plant on Pecan Creek. The capacity of the new

plant was increased to accomodate the phasing out of the

old plant.

In the activated sludge plant (Figure 1), the raw

influent enters through a grinder into the primary clarifier

for primary sedimentation. From the primary clarifier, the

sewage is carried into the two aeration basins for activated

sludge treatment. Mixed liquor from the single-pass aeration

basins enter the final clarifier for final settling. Then,

the effluent is chlorinated and discharged into Pecan Creek

(Figure 2). This effluent mixes with that discharged by the

old trickling filter plant and flows approximately four

16



SDigester

Raw

Primary
Clarify

2

17

- PE

4PE

4PE '

4

RS

PE *-H

'H

U)
(d

0

PE A

0

-~.-- w

PE

waste
11I11 ad"

-5 Chlorinator

Final
larifierE

Final
Effluent

Fig. 1 Denton Sewage Treatment Plant and sampling stations
(U. S. Department of The Interior)

0E)4
HI

4-)

a)

H

U)

-p
0
Cd

-p
U)
Cd
:3:

Lift
and
Lab

I:'

a)

441

4-)
15

I --
-77 1 y-n.a s s



18

Denton City Limits

Old Trickling Filter Plant

Denton Activated
Sludge Plant
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Fig. 2 - Pecan Creek and sampling stations
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miles down the winding creek into the old Lake Dallas portion

of Garza-Little Elm Reservoir.

Water Sampling: Six-liter samples of the Denton Sewage

final effluent were collected at the point of run-off to

Pecan Creek and transported to the laboratory in an ice-bath.

Assays were always started within twenty-four hours of sample

collection. The pH of each sample was checked and adjusted

as necessary.

Pre-filters and Filters: The degree of turbidity of

each type of water varied depending upon some time factors.

Sewage contains various organisms ranging from macroscopic

to microscopic and submicroscopic--mainly various bacteria

which themselves are pathogenic on tissue culture. Many of

these organisms were eliminated by filtration through regular

Whatman filter paper at neutral pH at room temperature.

Antibiotics1 were then added to the prefiltered samples which

were held at 40C for twenty-four hours and then frozen at -400C

for another twenty-four hours. A portion of each sample was

inoculated onto various agar media in order to detect possible

resistant strains of bacteria.

The pleated capsule filter (No. 12106) (0.2mm pore size)

was a sterile 2.3 inches housing diameter, 10 inches overall in

length and connected through inch (i.d.) hose. The polycarbo-

nate housing was of nylon hose nipples with polyester drainage,

1The same antibiotics mentioned on p. 39 under Use and
Choice of Antibiotics.
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and polypropylene outer netting and/or epoxy end caps. Acropor

polypropylene center core with an effective filter area of 231

square inches and maximum operating pressure of 50 psi inlet

pressure at 200 C (gas or liquid) and maximum operating

temperature of 38 0C was used for filtration. Pleated capsule

filters, glass fiber filter Type A (50mm), nitrocellulose

(Millipore) filters, pore size 0.45 u at pH 3.5 + 1 were used

for comparative recovery of viruses. Pleated capsule filters

under 10 psi permitted a rate of 6 liters of Denton's final

effluent per 27 minutes. Nitrocellulose filters (Millipore),,

size 0.45 u under 10 psi enabled filtration of 6 liters of

effluent in 142 minutes. Glass fiber filters, pore size 0.45

u required 160 minutes to filter 6 liters under 10 lbs. of

water pressure.

Elution: The elution procedure was similar to that

described by Hsiung (7). Five per cent glycine was prepared

in Hanks BSS with ten per cent inactivated calf serum,

with pH adjusted to 9.5. The nitrocellulose (Millipore) and

the glass filter were soaked in 20 ml of the elution medium

for four hours at a temperature of 40C. The internal surface

of the pleated capsule was soaked and rotated with 20 ml of

the medium at the same temperature and pH.

The eluents were preserved with previous antibiotics

added and then frozen away in a screw capped bottle at

-700 C.
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Tissue Culture: Monkey Kidney cells (VERO) established

from primary African green monkey kidney cultures were obtained

from Flow Laboratory, Inc., Rockville, Md. for this study.

Buffalo Green Monkey Kidney cells (BGM) were obtained from

Dr. Gerald Berg of Biological Methods Branch of the Methods

Development and Quality Assurance Research Laboratory,

NERC-Cincinnati, Ohio. HEP-2 cells, (human epidermoid car-

cinoma of larynx) were obtained from the American Type Culture

Collection, Rockville, Md. The three types of tissue cultures

were transplanted into Kimble polystyrene disposable tissue

culture bottles (30 ml) and cultivated in Eagle's growth

medium containing 10 per cent calf serum plus antibiotics:

penicillin (150 units/ml); streptomycin (1500 mg/ml); ampho-

tericin (Fungizone) (2.5 ug/ml); kananycin (12,500 mg/ml); and

mycostatin (10,000 units/ml).

Monolayers of BGM cells were usually obtained in 72

hours while the other cell lines formed monolayers in 120 to

144 hours. The cells were maintained in 5 per cent calf

serum with Hanks BSS including antibiotics, the medium was

changed every 48 hours, and the cultures passaged every 6-8

days depending upon the growth and condition of the cells.

Tissue Culture Passage: Each bottle of a complete cell

monolayers was treated with four ml of 0.5 per cent trypsin

and six ml phosphate buffer (7). After incubating at 370 C

for two minutes the trypsin-buffer solution was decanted.

The flask was washed with Hanks BSS and then shaken gently
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with ten ml Hanks BSS (care was exercised to prevent excessive

foaming) to suspend the cells. Cell suspension from each flask

were subdivided into four similar flasks and grown into another

complete monolayer. Excess tissue culture cells not needed

immediately were frozen away in sterile dimethyl sulfoxide at

-700 C.

Titration of Cytopathic Effect: A series of subpassages

was made with the isolate before inoculation into a row of 12

small tubes containing tissue culture set in a rack. One ml

of viral replicate was added to each tube in the set except

the last three.

Neutralization Test: Polyvalent poliovirus antisera

obtained from Flow laboratory was heated at 560C for 30

minutes. Five-tenths ml Hanks medium was added to five sterile

tubes. Five-tenths ml of serum was added to the first tube

and twofold serial dilutions were made in the remaining tubes.

Five-tenths ml containing 10 TCID5 0 of the isolate was added

to each serum dilution tube with sterile technique. The tubes

were mixed, incubated at room temperature for one hour, then

0.2 ml of each serum-virus mixture was removed and added to

each tube of HEP-2 cells in duplicate. Two controls were

made: (i) HEP-2 cells with Hanks, no serum virus mixture

added; and (ii) HEP-2 cells with 0.2 ml virus isolate. The

tubes were examined every day from the second through the

twelfth day (Table VI). The neutralization index was deter-

mined using the L. J. Reed and H. A. Muench method (7).
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Fluorescein-Conjugated Antibodies: Conjugates (11, 14)

were prepared with globulins obtained by ammonium sulfate

(40 per cent saturation) precipitation of whole serum.

Fluorescein-labelled globulins were prepared through conjugation

with fluorescein isothiocyanate (FITC) in 0.1 m Na2 Co3 buffer

(pH 9.0). FITC was used at a level of ten mg/ml of antibody

protein. Unreacted FITC was removed by passing the conjugates

through Vephadex G-25 columns. Fluorescein peaks of fractions

eluted from the columns were determined. Fluorescein/protein

ratios were determined by measuring the ratio of absorption

at 493 nm to that at 283 nm in a spectronic 20.

Immunofluorescent Antibody Technique (IFAT): A complete

monolayer of VERO cells was grown on cover slips infected

with the isolate for 24 hours; the cover slips were removed

from the tube by using a long, narrow spatula.

Monolayers of VERO cells grown on cover slips were

inoculated with one ml of the isolate. The cultures were

incubated in Hanks BSS plus five per cent calf serum and

antibiotics for twenty-four to forty-eight hours at 370C.

After the cell sheets were rinsed with phosphate-buffered

saline (pH 7.2), the cells were fixed in ninety-five per cent

ethanol for fifteen minutes at room temperature and air-dried.

The preparations were incubated with specific antiviral serum

for one hour, rinsed three times with phosphate buffered

saline, mounted in glycerol on a glass slide and examined

directly under a Zeiss Fluorescence microscope.
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Microscopy and Photography; Microscopic examinations

of IFAT preparations were made with a Zeiss universal

fluorescence photomicroscope, equipped with an HBO 200

mercury vapor lamp and a dark field oil immersion condenser.

UGI and BG38 exciter filters were barrier filters. Preparations

were photographed using Anscochrome ASA 164 c-lor film.

The slides were preserved in a wet-moist Petri-dish wrapped

with aluminum foil incubated in 40 C refrigerator.

Immunodiffusion Test: A two per cent noble agar was

prepared and another one per cent noble agar with 0.001

per cent methyl organge for colored background. Sodium azide

(0.1 per cent) was added as a preservative and the two per cent

noble agar was poured to the depth of one and one-half mm in

a ninety-mm Petri dish, allowed to solidify, and one per cent

noble agar poured in equal depth and allowed to cool and

solidify. Holes were bored in the center of each plate and

three equidistant holes were bored at about two inches from

the center. The holes were about two mm depth. Two-tenths

ml of the isolate was put in the center hole and also two-tenths

of Type I specific poliovirus antiserum in hole No. 1; two-

tenths of Type II specific poliovirus in hole No. 2; and

two-tenths ml Type III specific antisera in hole No. 3

These plates were sealed with tapes, allowed to incubate at

370 C for twenty-four hours, and then reinoculated with the

isolate and antiserum as before. After forty-eight hours,

the four holes in each plate were finally inoculated with two-

tenths ml of normal saline and incubated for twenty-*four hours.
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Temperature Sensitivity of the Isolate: Four flasks

of HEP-2 cells were grown to a complete monolayer. A plaque

titration was run on the viral isolate with two of the flasks.

These were overlayed with nutrient noble agar containing

neutral red after a one-hour exposure to the sample. One

flask was incubated at 370 C and the other at 400 C for ten

days. The size and the number of plaques in both flasks

were counted and recorded every day. One of two flasks

inoculated with the viral isolate was incubated at 370C for

6 days; the other at 400 C. The degree of cytopathic effect

(CPE) was recorded every day until 100 per cent CPE was

observed in both flasks.



RESULTS

A statistical comparison of the degree of efficiency

in recovering Poliovirus was not compiled in this experiment

even though three filters (Nitrocellulose filter [millipore]

0.45 u, glass fiber filter 0.45u, and pleated capsule filter

0.2u) were used. One would anticipate that the pleated cap-

sule filter would adsorb more viruses due to (1) the smaller

pore size, (ii) larger surface area; and (iii) the flow

through design over the millipore and glass fiber. All of

them were able to recover enough viruses, however, to form

substantial cytopathic effect on tissue culture. Assays of

the virus isolated on HEP-2 cells, after adsorption and elution

from millipore, fiber glass, and pleated capsule filters,

yielded 10 TCID50 values of 101.4', 101.57 and 102.47, respect-

ively.

There was a total destruction of the BGM cells forty-

eight hours after inoculation of the July 1974 isolate.

Infection was initiated within 24 hours, causing about twenty

per cent CPE in BGM cells whereas HEP-2 cells (Human Epider-

moid carcinoma of Larynx) and VERO cells did not show CPE

24 hours after inoculation. Total destruction of the VERO

and HEP-2 cells monolayers occurred after 120 and 144 hours,

respectively. BGM cells were totally destroyed in 72 hours.

(Table I and Fig. 3). In other words these results simply

26
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Table I

COMPARATIVE DEGREE OF CPE IN BGM, VERO AND HEP-2 CELLS PRO-

DUCED BY VIRUS ISOLATE OF JULY, 1974 WATER SAMPLES.

Pleated Capsule

Incubation Degree of CPE in
Time BGM VERO HEP-2

24 Hr. 20% 0 0
48 Hr. 40% 25% 25%
72 Hr. 100% 50% 40%
96 Hr. .... 75% 40%

120 Hr. .... 100% 75%
144 Hr. -. . .... 100%

Table II

COMPARATIVE DEGREE OF CPE IN BGM, VERO, AND HEP-2 CELLS PRO-

DUCED BY VIRUS ISOLATE OF JANUARY, 1975 WATER SAMPLES.

Incubation Dege of CPE in
Time BGM VERO

24 Hr. 20% 0 0
48 Hr. 40% 20% 25%
72 Hr. 40% 40% 40%
96 Hr. 50% 50% 50%

120 Hr. 100% 75% 75%
144 Hr. *so* 100% 100%
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Table III

COMPARATIVE DEGREE OF CPE IN BGM, VERO, AND HEP-2 CELLS PRO-

DUCED BY VIRUS ISOLATE OF MARCH, 1975 WATER SAMPLES.

Incubation Degree of CPE in
Time BGM VERO HEP-2

24 Hr. 20% 10% 0
48 Hr. 25% 40% 25%
72 Hr. 60% 50% 40%
96 Hr. 100% 75% 100%

120 Hr. .. 100%
144 Hr. ..
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Fig. 3--Average rate of degeneration as percent CPE
of BGM, VERO, HEP-2 cells over a 144 hr. period after
inoculation with the water sample isolates.
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show that greater recoveries of viruses were obtained in BGM

cells than VERO cells and HEP-2 cells. BGM cells also devel-

oped CPE more rapidly than HEP-2 and VERO cells when exposed

to isolates from water samples collected in January and March

1975. (Table II, III, and Fig. 3).

Neutralization Test: The virus isolated from the sample

of March, 1975 (concentrated with pleated capsule) was titrated

by neutralization on HEP-2 cells. Results are shown in Table

IV. This equally provides the evidence that no other viruses

or pathogenic microorganism causing the cytopathic effect

besides poliovirus since the isolate was titrated to the

end-point. The degree of CPE obtained after the fifth day to

the twelvth day were due to changes in pH and exhaustion of

the nutrient and not necessarily to viral infection.

Immunofluorescent Antibody Technique (IFAT): The appear-

ance of normal uninfected and infected VERO cells showing

considerable CPE when stained with Wright's stain are shown

in Figure 4 and 5. Figures 6 and 7 show the amount of

fluorescence present when VERO cells infected for 24 and 48

hours were stained by the direct IFAT, demonstrating antibody

and antigen complex. Also, Figure 8 shows the indirect IFAT

after 48 hours of infection, which means that the polyvalent

antisera is specific for the particulate poliovirus antigen.

Figure 9 (infected tissue culture with no antisera) shows the

absence of non-specific fluorescence.
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Fig. 5--Infected VERO cells stained with Wright's
stain 24 hrs. after inoculation of the water sample isolate
showing considerable CPE. 160X.
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Fig. 6--Infected VERO cells stained by the direct IFAT
24 hrs. after inoculation of the water sample isolate showing
the presence of considerable specific staining. 160X.

Fig. 7--Infected VERO cells stained by direct IFAT
48 hrs. after inoculation of the water sample isolate showing
the presence of considerable specific staining. 160X.



34

Fig. 8--Infected VERO cells stained by indirect IFAT
48 hrs. after inoculation of the water sample isolate showing
the presence of considerable specific staining. 160X.

Fig. 9--Infected VERO cells stained by the direct IFAT
24 hrs. after inoculation of the water sample isolate with no
antisera showing minimal nonspecific staining. 160X.
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Precipitin Test (Ouchterlony's Technique): Poliovirus

identification by IFAT cannot be 100 per cent relied upon.

For this reason the immunodiffusion technique was employed

to confirm that strains of poliovirus had been isolated.

Results representative of those obtained with the isolates

by the latter technique are shown in precipitin reaction to

specific Type II and III polio-virus antisera, (Fig. 10).

From this foregoing it is easily inferred that poliovirus

strain I is not showing any precipitin band to antiserum

polio-virus Type I. The three types of specific antisera con-

tained the same titer and were obtained from the same lab-

oratory at the same time.

Temperature Sensitivity: Plaques developed in flasks

of infected VERO cells at both 370 and 400C after 48 hours'

incubation, as shown in Table V. Plaque size was larger at

37 0 C than at 400 C. The neutral red in 370 C turned deep red

color while the overlay in 400 C gradually decolorized. One

may observe a note of warning that the 37 0C incubator was a

C02 -02 incubator, while the 400C incubator was not attached

to gas cylinder. The same experiment was repeated with two

ml isolate inoculated on tissue culture with Hanks BSS

incubated at two incubators 400 C and 370C. The rate of CPE

and the disintegration of the cells was fast and all cells

were totally destroyed in both. The 370 C flask lasted six

days before complete cell destruction occurred.
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Table V

TEMPERATURE SENSITIVITY ON HEP-2 CELL IN PFU/ml

Days

Temp. 1 2 3 4 5 6 7 8 9 10 Total

370 C 0 30 12 10 8 7 -- 67

40 0C 0 0 12 15 7 -- 34



Fig. 10--Precipitin
iii with isolate.

band to specific antisera ii and
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DISCUSSION

Tissue Cultures: Primary cells of human origin are very

sensitive to enteroviruses and reoviruses but are not univer-

sally available, and certainly not in the quantities required

for the operations of many research, clinical, and environ-

mental laboratories (1, 2). Primary monkey cell cultures,

which serve as the major laboratory system for recovering

enteroviruses are expensive, both in the sacrifice of life

required to procure them and dollar costs. BGM cells yield

at least two to three times as many viruses as VERO cells

(1, 13) and were more sensitive than the continuous hetero-

ploid cell line of human and monkey (HEP-2 cell and VERO cell

line) origin. BGM proved to be far superior to the HEP-2

and VERO cell lines.

CPE (Cytopathic Effect): BGM were not used in the sub-

sequent work due to the fact that their recovery from freezing

was not possible. Therefore, since BGM were not commercially

available at the time of this research, they could not be re-

placed. Many viruses demonstrate their presence in susceptible

cell cultures by producing degenerative changes in the cells.

Certain viruses exhibit a characteristic cytopathic effect and

provide the experienced observer with a clue to which major

group the virus belongs. Cytopathic changes are usually

38



39

characterized by one or more of the following abnormalities:

cell rounding, giant cells, cyncytial formation, cytoplasmic

bridging, vacuolation, granulation, cell clumping, and complete

cellular degeneration. Viral isolation from various sources

such as stool specimens, throat washing, sewage plants, and

tissue suspensions are quite often toxic to the cell cultures.

A subpassage usually dilutes out the toxic effect of the inocu-

lates. Some viruses do replicate in cell cultures without

causing cytopathic effect. The cell culture observation for

viral cytopathic effect requires control, time, and study.

Viral identification can not be made on CPE alone, but CPE is

often characteristic for a particular group of viruses. This

CPE caused by poliovirus is characterized at advance stage by

distorted nucleus containing several inclusions ending with

fragmented nucleus and vacuole-like cytoplasm and complete

cellular degeneration (3).

Use and Choice of Antibiotics: In a laboratory where

research on mycoplasmata, brucellae, and staphlococci is going

on simultaneously, antibiotics are a matter of practical

necessity to minimize contamination of the cell cultures.

For those working with environmental samples such as sewage

and surface waters, antibiotics are also indispensable. BGM

cells have been shown to be unaffected by exposure to 1.5 units

penicillin and 1,500 mg. streptomycin used in combination with

99 mg. Polmyxin B, 2.5 mg. amphotericin B, and 12,500 mg

Kanamycin (1). Berg, Dahling et al, (1) have shown,
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however, that BGM cells are generally less sensitive to these

antibiotics than VERO cells. It was observed in this study,

however, that HEP-2 and VERO cells remained viable longer

than BGM cells. In fact, they were more readily recovered

after contamination than BGM monolayers which were very fragile,

showing rounding and pealing off of cells from the flask at

slight variations in pH. Overall evaluations of other workers

have shown that BGM cells were generally 3-10 times more

sensitive than VERO cells and two to five times more sensitive

than HEP-2 for recovering viruses from sewage (1, 2, 4).

The growth and maintenance of these lines were enhanced

by addition of L-glutamine 1OX and concentration at one ml per

ten ml of Hanks BSS.

Neutralization: Viral neutralization is defined as the

loss of infectivity through the reaction of the virus with

the specific antibody. The neutralizing capacity in an

animal's serum is acquired by experience with the viral agent

either naturally or artificially induced. Measurement of

antibody levels provides a mechanism for determining the

degree of response to an antigen following infection. The

neutralization test constitutes the basic serologic procedure

for the study of viruses, and its high degree of immunologic

specificity makes it the standard against which other serologic

methods are usually evaluated. The basic method for assaying

the virus-neutralizing activity of a serum consists of mixing

serum-virus mixture under appropriate conditions, and then
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introducing the mixture into a suspectible host system in

which the presence of un-neutralized virus may be detected.

Some factors influencing neutralization are time, hydrogen

ion concentration (pH), temperature of virus-serum incu-

bation, and complement. The neutralization test is based

on the principle that when a homologous antisera is added to

its corresponding virus, the virus is rendered non-infective

or neutralized. The neutralization test may be used for the

diagnosis of viral infections either in the identification

of isolates from the patient, or for demonstrating increases

in antibody titer over the course of infection. The virus

is identified by neutralization tests against the individual

immuine sera.

Immunofluorescent Antibody Technique (IFAT): Among

many serological techniques used for identification of speci-

fic pathogens, IFAT has been neglected, maybe due to its

lack of absolute specificity. Results obtained in this study

indicate that IFAT can gainfully complement existing techniques

for detecting viruses. IFAT on the other hand have been used

in a number of instances for positive diagnosis in addition

to isolation techniques (11, 12, 13). IFAT also offers rapidity

of test results, butprior to its incorporation as a routine

method, a great deal of time and effort must be expended in

obtaining an adequate supply of calibrated specific antisera

of the several viruses in the test scheme. Certain other fac-

tors can also affect the outcome of the IFAT. In this respect,
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the quality of the filterate is of prime importance and the

stage of health of the tissue culture before inoculation must

be watched carefully. The IFAT indicate the presence of

poliovirus antigen in the water isolate.

Immunodiffusion Technique (Ouchterlony): A considerable

amount of information has accumulated concerning the serology

of Poliovirus. It is of considerable interest to examine

this antigenic property. Results of immunofluorescence studies

just reported are unquestionably supported by development

of precipitin bands between antigen in the water isolates

and antisera containing specific antibodies for types II and

III polioviruses.

The question arises, however, as to why type I was not

also detected. So far this can only be speculated upon.

One cannot say that type I was totally inactivated while

type II and III survived. Not enough statistical data has

been compiled to support this evidence categorically. Maybe

this will open the arena for further research on Denton

sewage.

Temperature Sensitivity: The majority of polioviruses

isolated from sewage are of human origin. One of the main

sources is excretion of tri-valent attenuated poliovirus

vaccine. These viruses may undergo at least three changes

while in sewage:

(1) They may adapt to ecological conditions so that

they can survive factors that can generally lead to their
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destruction (such as pH variation, concentration of -dif-

ferent salts metal ions, and temperature).

(2) They may change from virulent (T+) strains to

avirulent (T-) and vice-versa.

(3) The avirulent may perchance have ecological support

and withstand all the physical, chemical, and biological

floculation of the environment. These changes can be modified

or change the virus to a particular strain. The isolate ob-

tained in this particular study was probably T- (attenuated)

strain since attenuated (T-) poliovirus strains have a much

lower TID5 0 at 400 C than when grown at 370 C (7), whereas T+

strains show equal TID5 0 values at both temperatures,



SUMMARY AND CONCLUSION

Several final sewage effluents from the Denton Disposal

Plant were demonstrated to contain Poliovirus types II and

III. Pleated encapsulated filters at pH 3.5 enhanced the,

recovery of Poliovirus at a higher titer in comparison with

Nitrocellulose filter (millipore) and glass fiber filter of

pore size 0.45u. Different titers of Polioviruses were

recovered from six thousand ml of water with the three

filters, with the pleated capusle filter being most efficient

in this respect.

This thesis explores problems that face us today in our

quest to eliminate viral pathogens from the natural and

waste water needed for human, domestic, and industrial con-

sumption. At present the virus hazard is a panorama of the

past and seems to be a presage of things to come.

The efforts of the World Health Orcanization to prevent

and cure the world of widespread disease, if relaxed, can

undoubtedly cause us to revert to where we were before the

era of Edward Jenner and Louise Pasteur. In an attempt to

maintain and improve present world health standards, our

sanitation procedures should continually be updated and moni-

tored. Preliminary experiments concerning the use of

immunofluorescence and immunodiffusion techniques suggest that
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